Health is a crucial dimension of human capital that can increase workers' productivity in terms of their physical and mental capacities. Longevity positively influences economic growth but a longer life expectancy, when combined with lower fertility and adult mortality rates, means that the proportion of the elderly population increases with a consequent negative impact on economic growth. The aim of this paper is to analyse the demographics of ageing in the European Union which provides a convenient sample in the globalisation era. This paper shows how economic output is related to "creativity by age", which is an original definition of human capital.
Introduction
The health of the population is relevant to its capacity for becoming more efficient in producing goods and services; a healthier person will be more efficient in generating new ideas. Improvements in the health of citizens of a country can increase their research-efficiency, which affects their ability to generate innovation, with positive consequences for economic growth (Howitt, 2005) .
Health is strictly related to the demographic structure of the population and determines both human capital stock and accumulation, which are important elements for economic development.
The aim of this work is to infer the relationship between a population age structure and its production. To achieve this purpose, it has been defined as an original characterisation of human capital, taking into account the creativity monotonic decreasing trend across the lifespan. The subject of this analysis is the European Union where a longer life expectancy, together with lower fertility and adult mortality rates, represent the most important aspects of the demographic change that has occurred in the period from 1960 to 2010, causing a significant shift in the global age structure. The EU population age composition recorded the 1 st January, 1995 compared to that of 1 st January, 2010 shows a contraction of the base of the age pyramid caused by a low fertility rate, and also enlargement of the top of the graphic because of life expectancy increase and adult mortality decrease (see fig. 1 ). These factors have caused an increase in the proportion of the population aged 65 years and above. We have concentrated our attention on the latter element to construct our human capital measure. The following section presents the model and results. Section four concludes.
A critical and theoretical background
With the spread of knowledge, economy creativity becomes a crucial resource for new culture, knowledge and innovation. The postmodern society needs more intellectual capital to face the challenge of product dematerialisation; immaterial factors, such as innovation, technology and knowledge, play a crucial role in the current age. According to Florida et al. (2011) , this work takes into account creativity as a constitutive element of human capital which is recognised as a critical factor of growth in advanced economies.
In this connection health, in terms of physical and mental capacities, is a key determinant of human capital. It affects economic growth by different channels, with respect to local conditions, such as product efficiency, learning capacity, creativity, coping skills, and so on (Bhargava et al., 2001; Bloom, Canning & Sevilla, 2004; Carlei, Colantonio, Marianacci, & Mattoscio, 2011; Fogel, 1997; Furia, Castagna, Mattoscio & Scamuffa, 2010; Grossman, 1972; Mattoscio & Colantonio 2008; Howitt, 2005; Weil, 2007) .
There is no doubt that good health conditions can influence mortality, fertility and life expectancy; that is, the demographic transition that can have different effects on economic growth (Bloom & Freeman, 1986; Kuznets, 1960; Malthus, 1798) . The age structure is a critical issue because different stages of human life influence people's behaviors and needs, for example, labor supply, savings and human capital investments. The age composition of a country allows separation of the productive share of the population from what represents only a cost. In other words, it affects the possibility of a country to take advantage from the "demographic dividend 1 " (Bloom, Canning & Sevilla, 2003) .
Even though longevity positively influences economic growth, a longer life expectancy, combined with low rates of fertility and declining adult mortality, increases the proportion of the elderly population. It causes a decrease in labor force participation and savings rates with a consequent decline in economic growth: this is what it is known as the final phase of demographic transition 2 . This ageing process is expected for the period between 2005 and 2050 in nearly every country in the world in which the proportion of the population aged 60 and over is projected to increase (Bloom, Canning & Fink, 2011) .
Many would agree that the size of population and the quality of life are channels through which demographic changes can influence a country's development path. In this connection, the age composition of human capital may affect education, and then capabilities, because each individual differs in terms of the creativity he or she contributes to the economy. General consensus exists about age-related differences in cognitive functioning although there is controversy about the age at which decline in cognitive capacity begins. Age-related studies describe a general downward development trend regarding cognitive capacity across life and an individual's creativity changes over the life cycle. After an early age threshold at which creativity reaches its highest level, it follows a monotonic decreasing trend; that is, a decline in cognitive functioning for an individual under typical circumstances (Hertzog et al., 2009; Lehman 1953 , Salthouse, 2009 .
Even though it is difficult to disentangle the relationship between age and skills, this relationship represents an important issue related to the effect of population ageing upon economic growth. Focusing on this aspect, the measure of creativity is a complex exercise because this concept is not completely codified and there is no unique and universally accepted definition. Howkins (2001) tries to measure creativity in terms of economic value and defines creative economy as the spectrum of creative industries or services; Chomsky (1968) analyses creativity with regard to linguistic process and Boden (1991) refers to mechanisms of inferential and creative learning. Florida et al. (2011) , based on the assumption that creativity is not a stock of things but an ensemble of renewable resources that can be improved, constructs a Global Creativity Index as a synthetic measurement of a country's creativity. He maintains that economic prosperity and development depends on the "3 Ts": Technology, Talent and Tolerance. Legrenzi (2005) studies the cognitive and psychological aspect of creativity (Santagata, 2007) .
The next section presents a simple model whereby creativity by age is a proxy of human capital in the aggregate production function that will be inferred by OLS analysis on a time series data.
Creativity by age: a simple model
A better health status associated with a longer life expectancy, together with a contraction of fertility, have determined sizeable alterations in the structure relating to patterns of the age and sex of different populations. These changes have been profound and have resulted in important consequences at both demographic and socioeconomic levels that can be seen if one looks at the age pyramid. By studying data about the age composition of the population (see fig. 1 ) we can understand that in the most recent period that runs from 1995 to 2010, the proportion of children (0-14 years old) decreased from 18% in 1995 to 16%. in 2010. This result is principally because, although some children grow up to become part of the economically active population, the subsequent decrease is not compensated for by new births. So we face the perpetual problem that fewer new people enter the workforce in successive years. This is reflected by the fact that the proportion of the economically active population has remained quite invariant (67%) during the fifteen years under analysis, probably because the variations in entrance and exit of this class compensate for themselves. In addition, if we analyse the composition of the economically active population, we find that the percentage of workers aged 15-24 decreases during 1995 to 2010 (from 21% to 18%); the intermediate class aged 25-49 suffers a small decrease (from 54% to 53%); and the last class aged 50-64 grows as a percentage of the economically active population (from 25% to 28%). The proportion of the population aged 65 years old and above increases (from 15% to 17%) because of the following three main factors: lower mortality rates, increasing life expectancy, and variations in birth and death rates. From 1995 to 2010 we observe a change in dependency ratios: the youth dependency ratio decreases from 27% to 23% and the old dependency ratio increases from 22% to 26%.
The empirical evidence reported is representative of countries that experience the final stage of demographic transition; the dynamics of this development process triggers a feedback loop in these social, as well as economic, conditions. Demographic phenomena may influence the accumulation of human capital and its adequacy with respect to the productive needs of society, considering that rapid technological progress risks making obsolete the knowledge acquired by elderly workers. Given these facts, in recent years we have taken a great interest in the economic literature on the ageing population issue. This paper may contribute to this literature by accounting for the demographic dynamic in the aggregate production function by introducing an original definition of human capital. Taking into account the age structure of a population with respect to its crucial role in research efficiency and in virtuous dynamics of research productivity, we assume that human capital is related to a creativity factor, which in turn decreases as the proportion of the elderly population increases. We adopt a Cobb-Douglas aggregate production function:
where Y is the output or gross domestic product; K denotes the stock of physical capital; L is the labor; and A represents the technology. The effect of human capital term on output is expressed as a power of an exponential and it is represented by "creativity by age", indicated by μ. Considering the log of the aggregate production function, the equation (1) becomes as follows:
( 2 ) We apply OLS multiple regression to estimate the above equation that can be rewritten as follows:
where at time t, y t is the log GDP expressed in current US$; k t is the log capital stock 3 also expressed in current US$; l t is the log of the number of workers in the economically active population (15-64 years). The independent variable μ t is our measure of "creativity by age", defined as the average of three indicators (x i ), such as school enrolment ratio to tertiary; R&D expenditure (% of GDP); and health expenditure per capita (current US$) 4 , weighted by the difference between 1 and the proportion of population aged 65 years and above (θ). This weight has been introduced to capture how the ageing population phenomenon affects human creativity, according to agerelated studies on creativity. The term a is not observed and appears as an error term when the equation is estimated. Table 1 shows the results of the OLS regression analysis carried out in the European Union between 1996 and 2010 5 . We construct 3 models where we include the different explanatory variables. Model I in column 1 reflects the positive influence that physical capital and labor exert on GDP through positive significant coefficients that respectively assume values of 0,65 and 0,46 (R 2 = 0,88). This result is consistent with constant returns to scale since the sum of the coefficients is close to one. Model II repeats the analysis including our measure of "creativity by age" that shows a strong and positive coefficient for its impact on GDP (R 2 = 0,87) and confirms the importance of human capital improvements for economic growth. Model III focuses on all three different explanatory variables adding the human capital term to the traditional factors of physical capital and labor. Jointly considering these inputs, we note that a positive relationship still exists between physical capital, labor, human capital and output, but now these instruments present lower coefficients with respect to those found in the previous regressions where the variables have been singularly considered (R 2 = 0,89). 
Conclusion
Promoting a good health status of a population is not only an objective in itself but also has economic implications. Longer life expectancy and lower fertility rates associated with lower adult mortality rates are the most important aspects of the demographic change that has occurred in recent years, causing a significant transformation 3 We construct a physical capital stock series for our analysis using the perpetual inventory method that is standard practice among researchers to impute capital stock data from information on investment: Kt+1 = (1 -δ) Kt+ GFK. Therefore, we need data for investments that we can identify with Gross Fixed Capital Formation (GFK), an assumption about the depreciation rate that we assume to be 0,04, and an estimation of the initial stock capital level: K0 = GFK0 /(δ + gGFK), where δ is the depreciation rate and g is calculated as the average geometric growth rate from 1996 to 2010 of the investment series (Hall & Jones, 1999) . 4 We operate a normalization of variables to collect them into a synthetic index that ranges between 0 and 1. 5 The period has been chosen in relation to the larger available time of observations for the variables under analysis. Our data are collected from the World Bank online database. in the EU age structure. In this connection, the paper investigated the European Union population ageing process and its implication on the level of economic output.
An original aggregate production function has been introduced and the role of demographic dynamics has been related to human capital in a manner that, as the age-related literature suggests to take into account the decrease in research efficiency during a life cycle. On one hand, the OLS regression analysis confirms the positive influence of human capital on economic output. On the other hand, because of the definition of human capital as "creativity by age", it shows that the ageing process of a population may lead to a smaller economic growth.
It would be desirable that policy makers, given the demographic dynamics, act in a more incisive way on education, health, research and development, and analogous factors that represent the propellers of any economy, as also advised by the most authoritative economists.
